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1. 

METHOD, SYSTEM, AND APPARATUS FOR 
ENABLING NEAR REAL TIME 

COLLABORATION ON AN ELECTRONIC 
DOCUMENT THROUGH A PLURALITY OF 

COMPUTER SYSTEMS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the benefit of U.S. provisional 
patent application No. 60/563,685, filed Apr. 20, 2004, which 
is entitled “OneNote Shared Session Feature' and which is 
expressly incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

With the advent and explosion of the Internet, network 
computing applications have been created that allow remote 
computer users to work together on a common task. For 
instance, applications exist that allow remote users to view a 
common whiteboard, to view and interact with a slide pre 
sentation, to chat with one another, and to perform other 
functions in a collaborative manner. This type of program 
typically increases productivity for users that need to collabo 
rate but that are located in remote locations. 
One shortcoming of the previous solutions for collaborat 

ing on a task via a computer network is that these previous 
Solutions do not provide a satisfactory user experience during 
collaboration. For instance, the previous solutions typically 
Suffer from reduced network performance because large 
amounts of data are continuously sent to all of the partici 
pants. In many cases, the application will slow drastically or 
even block the user from making input while data transmis 
sion is taking place. In this situation, the user will become 
acutely aware that the sharing process is taking place and may 
even become frustrated with the application. 

Another reason the user experience suffers while collabo 
rating with previous solutions stems from the fact that in a 
given group of collaborators there may be large discrepancies 
in the available network bandwidth and latency. For instance, 
in a given collaboration session several users may be con 
nected to high speed local area network connections while 
other users may be limited to low speed dialup network con 
nections. Utilizing the previous solutions, the users con 
nected via dialup may have an extremely difficult time receiv 
ing and making updates to the shared document. This also can 
be very frustrating for a user. 

It is with respect to these considerations and others that the 
various embodiments of the present invention have been 
made. 

BRIEF SUMMARY OF THE INVENTION 

In accordance with the present invention, the above and 
other problems are solved by a method, system, and apparatus 
for near real time collaboration on an electronic document 
through two or more computer systems. The embodiments of 
the invention permit two or more users participating in a 
sharing session to interactively create and modify an elec 
tronic document via a computer network. Changes to the 
electronic document are identified, packaged, and transmitted 
to each user in a manner that allows collaboration to occur in 
near real time, even in high latency, low bandwidth network 
scenarios. Moreover, because changes to the document are 
packaged as incremental revisions and transmitted to the 
participants, it is not necessary to transmit large amounts of 
data to enable near real time collaboration. 
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2 
According to one aspect of the invention a method is pro 

vided for enabling near real time collaboration on an elec 
tronic document through two or more computers. According 
to the method, a data structure may be maintained at each of 
the computer systems participating in the collaborative ses 
sion that represents the contents of a shared document. When 
user input is received at one of the computer systems modi 
fying the document, the data structure is updated to reflect the 
modification. In response to the modification, the changes to 
the data structure are periodically identified and collected as 
a revision that identifies only the changes made to the data 
structure as a result of the edit. A revision identifies the 
changes made to the core data model that is utilized to repre 
sent the document as a result of any edits. 

In order to ensure a valid progression among editing states, 
a determination may be made prior to transmitting the revi 
sion to other participants as to whether the copy of the data 
structure maintained at the computer system where the edits 
were received is the most recent version among the partici 
pants. If the data structure is not current, the revisions needed 
to make the data structure current may be retrieved from the 
other participants and applied to the data structure. Once the 
data structure is current, the revision is packaged and trans 
mitted to each of the participants in the sharing session. 
Revisions are taken frequently to ensure that the size of the 
revisions are small enough to be quickly transmitted over a 
computer network. 
When revisions are received at the other participating com 

puter systems, the revisions are merged into the copy of the 
data structure stored at the participating computer system. 
The data structure may then be utilized to refresh the display 
of the shared document, thereby indicating the modifications 
at each of the participating computer systems in near real 
time. Edits may be received at any participating computer 
system and transmitted to the other participants in a similar 
a. 

In order to further ensure the valid progression of edits 
among the various participants, a synchronization token may 
be utilized. A synchronization token is a data structure that is 
passed between the participants. Only the computer system 
owning the Synchronization token is permitted to create a new 
revision to the data structure. Therefore, prior to making any 
revision, a participating computer system must first deter 
mine if it owns the synchronization token. If it owns the 
synchronization token, it can proceed with making a new 
revision and transmitting the revision to the other partici 
pants. If it does not own the synchronization token, it must 
request the synchronization token from the participating 
computer system that currently owns the token. 

In order to ensure the fair passing of the synchronization 
token among the participating computer systems, the request 
for the token may include data indicating the amount of time 
the requesting computer system has been waiting for the 
token. If no response is received to the request, another 
request may be sent indicating the extended duration of time 
that the computer system has been waiting for the token. 
When the owner of the synchronization token receives 
requests for the token, it examines each request to determine 
the participant that has been waiting the longest to receive the 
token and transmits the token to that computer system. 

Other mechanisms may also be utilized to ensure that one 
and only one token exists among all of the participants. For 
instance, if requests go unfulfilled for the token for a prede 
termined period of time, a new token may be created. This 
may occur, for instance, if the computer system owning the 
token is disconnected from the network. Alternatively, tests 
may be performed periodically to determine whether two or 
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more tokens exist among the participants. If two synchroni 
Zation tokens exist, a deterministic algorithm is performed at 
each of the computer systems owning tokens to determine the 
token that should be discarded. 
A mechanism is also provided to ensure that computer 

systems connected via low bandwidth connections are 
granted the token in a fair manner. Multiple tokens may also 
exist, but efforts are taken to minimize duplicates. According 
to this mechanism, a determination is made when a request 
for the token is received as to whether the token has already 
been passed along to another participant. If the token has 
already been transmitted, a “time to live' value in the request 
may be decremented. If the time to live value has not expired, 
the request may then be forwarded to the new owner of the 
synchronization token. In this manner, requests from partici 
pants on low bandwidth connects are effectively injected into 
the high bandwidth network. 

The invention may be implemented as a computer process, 
a computing apparatus, or as an article of manufacture Such as 
a computer program product or computer readable media. 
The computer program product may be a computer storage 
media readable by a computer system and encoding a com 
puter program of instructions for executing a computer pro 
cess. The computer program product may also be a propa 
gated signal on a carrier readable by a computing system and 
encoding a computer program of instructions for executing a 
computer process. 

These and various other features, as well as advantages, 
which characterize the present invention, will be apparent 
from a reading of the following detailed description and a 
review of the associated drawings. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

FIG. 1 is a computer network diagram illustrating aspects 
of an illustrative operating environment for the various 
embodiments of the invention; 

FIG. 2 is a computer system architecture diagram illustrat 
ing aspects of a computer system utilized in and provided by 
the various embodiments of the invention; 
FIG.3A is a computer software architecture diagram illus 

trating aspects of several Software components utilized in the 
various embodiments of the invention; 

FIG. 3B is a flow diagram illustrating a process for initiat 
ing a new sharing session according to one embodiment of the 
invention; 

FIG. 4A is a computer software architecture diagram illus 
trating aspects of several Software components utilized when 
joining an existing sharing session; 

FIG. 4B is a flow diagram illustrating a process for joining 
an existing sharing session according to one embodiment of 
the invention; 

FIG. 5A is a screen diagram showing an illustrative Screen 
display utilized in an embodiment of the present invention; 

FIG. 5B is a data structure diagram illustrating aspects of a 
graph data structure utilized in embodiments of the invention; 

FIGS. 6A and 6B are data structure diagrams illustrating 
the process of creating a revision in the various embodiments 
of the invention; 

FIG. 7 is a computer software architecture diagram illus 
trating aspects of the several Software components utilized in 
the various embodiments of the present invention; and 

FIGS. 8-12 are state diagrams illustrating several processes 
for providing near real time collaboration on an electronic 
document according to the various embodiments of the inven 
tion. 
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4 
DETAILED DESCRIPTION OF THE INVENTION 

Referring now to the drawings, in which like numerals 
represent like elements, various aspects of the present inven 
tion will be described. In particular, FIG. 1 and the corre 
sponding discussion are intended to provide a brief, general 
description of a Suitable computing environment in which 
embodiments of the invention may be implemented. While 
the invention will be described in the general context of 
program modules that execute in conjunction with program 
modules that run on an operating system on a personal com 
puter, those skilled in the art will recognize that the invention 
may also be implemented in combination with other types of 
computer systems and program modules. 

Generally, program modules include routines, programs, 
components, data structures, and other types of structures that 
perform particular tasks or implement particular abstract data 
types. Moreover, those skilled in the art will appreciate that 
the invention may be practiced with other computer system 
configurations, including hand-held devices, multiprocessor 
systems, microprocessor-based or programmable consumer 
electronics, minicomputers, mainframe computers, and the 
like. The invention may also be practiced in distributed com 
puting environments where tasks are performed by remote 
processing devices that are linked through a communications 
network. In a distributed computing environment, program 
modules may be located in both local and remote memory 
storage devices. 

Referring now to FIG. 1, an illustrative operating environ 
ment for the several embodiments of the invention will be 
described. As shown in FIG. 1, a network 4 interconnects a 
number of computer systems 2A-2D. It should be appreciated 
that the network 4 may comprise any type of computing 
network, including a local area network (“LAN”) or a wide 
area network (“WAN), such as the Internet. The network 4 
provides a medium for enabling communication between any 
number of computer systems 2A-2D, and potentially other 
computer systems connected to or accessible through the 
network 4. According to one embodiment of the invention, the 
network 4 comprises a transmission control protocol/internet 
protocol (“TCP/IP) network such as the Internet. 

Each of the computer systems 2A-2D comprises a general 
purpose desktop, laptop, tablet, or other type of computer 
capable of executing one or more application programs. In 
particular, according to the various embodiments of the 
invention, the computer 2 is operative to execute a note-taking 
application. As known to those skilled in the art, a note-taking 
application program provides functionality for capturing and 
organizing notes, which may include text, handwriting, pic 
tures, drawings, audio, or other information. 

According to embodiments of the invention, the note-tak 
ing application program also allows near real time collabora 
tion on a document generated by the note-taking application. 
As described herein, near real time means that updates to the 
document at each computer system 2A-2D participating in a 
collaborative session will be made as quickly as the network 
4 will allow. In cases where high bandwidth network connec 
tions are utilized to connect the computer systems 2A-2D to 
the network 4, the response time will approach real time. 
Where slower network connections are utilized, the response 
time will be slower. However, as will be described in greater 
detail below, mechanisms are provided to ensure that com 
puter systems participating in a sharing session via slower 
connections will enjoy very responsive performance without 
negatively affecting the performance of participants con 
nected by higher bandwidth connections. 
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One way to ensure that even users on slow connections will 
have a responsive experience involves the fair passing of a 
synchronization token 6. The synchronization token 6 is 
passed between the computer systems 2A-2D participating in 
the sharing session. The synchronization token 6 is a data 
structure that authorizes the computer system that owns the 
data structure to make updates to the current state of the 
shared document. Ownership of the token will not prevent the 
user from making local changes. Additional details regarding 
the utilization of the synchronization token 6 to provide near 
real time collaboration will be provided below with respect to 
FIGS 2-11. 

It should be appreciated that, according to one embodiment 
of the invention, the note-taking application comprises the 
ONENOTE note-taking application program from 
MICROSOFT CORPORATION of Redmond, Wash. It 
should be appreciated, however, that the various aspects of the 
invention described herein may be utilized with other note 
taking application programs from other manufacturers. 
Moreover, although the inventive aspects described herein are 
presented in the context of a note-taking application program, 
it should be appreciated that other types of application pro 
grams may also be utilized to embody the various aspects of 
the invention. For instance, the various aspects of the inven 
tion may be utilized with word processing programs, spread 
sheet programs, drawing programs, computer-aided design 
programs, presentation programs, and any other type of com 
puter program wherein it may be desirable to collaborate with 
one or more other users on the contents of a document. 

Referring now to FIG. 2, an illustrative computer architec 
ture for a computer 2 utilized in the various embodiments of 
the invention will be described. The computer architecture 
shown in FIG. 2 illustrates a conventional desktop, laptop, or 
tablet computer, including a central processing unit 8 
(“CPU”), a system memory 12, including a random access 
memory 18 (“RAM) and a read-only memory (“ROM) 20, 
and a system bus 10 that couples the memory to the CPU 8. A 
basic input/output system containing the basic routines that 
help to transfer information between elements within the 
computer, such as during startup, is stored in the ROM 20. 
The computer 2 further includes a mass storage device 14 for 
storing an operating system 32, application programs, and 
other program modules, which will be described in greater 
detail below. 
The mass storage device 14 is connected to the CPU 8 

through a mass storage controller (not shown) connected to 
the bus 10. The mass storage device 14 and its associated 
computer-readable media provide non-volatile storage for the 
computer 2. Although the description of computer-readable 
media contained herein refers to a mass storage device. Such 
as a hard disk or CD-ROM drive, it should be appreciated by 
those skilled in the art that computer-readable media can be 
any available media that can be accessed by the computer 2. 
By way of example, and not limitation, computer-readable 

media may comprise computer storage media and communi 
cation media. Computer storage media includes Volatile and 
non-volatile, removable and non-removable media imple 
mented in any method or technology for storage of informa 
tion Such as computer-readable instructions, data structures, 
program modules or other data. Computer storage media 
includes, but is not limited to, RAM, ROM, EPROM, 
EEPROM, flash memory or other solid state memory tech 
nology, CD-ROM, digital versatile disks (“DVD'), or other 
optical storage, magnetic cassettes, magnetic tape, magnetic 
disk storage or other magnetic storage devices, or any other 
medium which can be used to store the desired information 
and which can be accessed by the computer 2. 
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6 
According to various embodiments of the invention, the 

computer 2 may operate in a networked environment using 
logical connections to remote computers through a TCP/IP 
network 4. Such as the Internet. The computer 2 may connect 
to the network 4 through a network interface unit 16 con 
nected to the bus 10. It should be appreciated that the network 
interface unit 16 may also be utilized to connect to other types 
of networks and remote computer systems. The computer 2 
may also include an input/output controller 22 for receiving 
and processing input from a number of other devices, includ 
ing a keyboard, mouse, or electronic stylus (not shown in FIG. 
2). Similarly, an input/output controller 22 may provide out 
put to a display Screen, a printer, or other type of output 
device. 
As mentioned briefly above, a number of program modules 

and data files may be stored in the mass storage device 14 and 
RAM 18 of the computer 2, including an operating system32 
Suitable for controlling the operation of a networked personal 
computer, such as the WINDOWS XP operating system from 
MICROSOFT CORPORATION of Redmond, Wash. The 
mass storage device 14 and RAM 18 may also store one or 
more program modules. In particular, the mass storage device 
14 and the RAM 18 may store a note-taking application 
program 24, as described above. As briefly described above, 
the note-taking application 24 comprises an application pro 
gram for capturing and organizing notes, which may include 
text, handwriting, pictures, drawings, audio, or other infor 
mation. 

Notes may be organized by the note-taking application 24 
into notebooks, folders, pages, and sections. Within a page, 
notes may be entered anywhere and later repositioned. More 
over, emphasis may be added to notes with bullet and list 
styles as wells as flags and highlighting. Full control may also 
be had over fonts, styles, sizes, and colors. When a user exits 
the note-taking application 24, the contents of the notebook 
may be saved in a note-taking document 26 on the mass 
storage device 14. Additional details regarding the operation 
of the ONENOTE note-taking application program are pub 
licly available from MICROSOFT CORPORATION of Red 
mond, Wash. 

In order to create a document sharing session, the note 
taking application 24 utilizes a peer-to-peer ("P2P") applica 
tion programming interface (API) 28. The P2P API 28 
utilizes a network sockets API 30 to provide media-indepen 
dent networking services at the transport protocol and session 
protocol levels. The P2P API's media independence means 
that collaborative sessions can be run on TCP/IP networks, 
IPX networks, and over directly connected modems and 
serial cables. The P2P API 28 can create a P2P infrastructure 
that includes client/server and peer to peer networking ses 
Sions, group management, guaranteed and non-guaranteed 
messaging, sequenced and non-sequenced messaging, mes 
sage fragmentation and reassembly, traffic throttling, mes 
sage priorities, connection statistics, and session description 
queries. 

According to one embodiment of the invention, the P2P 
API 28 comprises the DIRECTPLAY API from 
MICROSOFT CORPORATION. The DIRECTPLAY API is 
a public API and, as Such, additional details regarding its use 
and implementation are publicly available from 
MICROSOFT CORPORATION. It should be appreciate the 
other technologies available from other manufacturers may 
also be utilized to create a peer to peer networking session 
among the computers 2A-2D. 
The mass storage device 14 and RAM18 may also store an 

e-mail client application 34. The e-mail client application 34 
may be utilized to send and receive electronic mail messages 
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containing invitations to join a sharing session. For instance, 
a user of one of the computers 2A-2D may begin a sharing 
session within the note-taking application 24 wherein one or 
more pages of the note-taking document 26 are shared. In 
order to invite other participants to the sharing session, the 
e-mail client application 34 may be utilized to create an 
electronic message directed to the other intended partici 
pants. The e-mail message may include as an attachment that 
is associated with the note-taking application program 24 and 
that includes the information necessary (internet protocol 
address, etc.) to connect to the sharing session. 
When one of the intended recipients receives an electronic 

mail message from the session initiator that attachment to the 
message may be selected and executed. Execution of the 
attachment will cause the note-taking application 24 to 
execute and to connect to the sharing session utilizing the data 
contained in the attachment. Once connected to the sharing 
session, a copy is made of the shared document at each 
participants computer system. In this manner, when a user 
joins the shared session, pages may be inserted into the note 
book stored at their computer by the note-taking application 
24. The various copies of the documents are then synchro 
nized to one another as edits are made to the document by the 
various participants in the sharing session. The session initia 
tor can specify whether users may edit the shared document 
on an individual or global basis. 

Additional details regarding the synchronization of 
changes to the electronic document will be provided below. It 
should be appreciated that it is not necessary to transmit an 
e-mail invitation to the participants in the sharing session. The 
network address of the sharing session may be provided to the 
participants manually or through any other means. The net 
work address may then be utilized to connect to the sharing 
session in a manual manner. 

Turning now to FIG.3A, additional details will be provided 
regarding the creation of a new sharing session. As shown in 
FIG. 3A, the document 26 includes one or more pages 40A 
40C that may be shared. When a request to start a new session 
is received, such as through the selection of a user interface 
button or menu item 46, a request is transmitted to a shared 
session API 44 provided by the note-taking application 24. 
The shared session API 44 coordinates the creation and join 
ing of shared sessions, manages sessions, calls the P2P API 28 
to perform communication, and performs other functions 
described herein. 
When a new sharing session is created, the shared session 

API 44 creates a new page synchronization object 42A-42C 
for each page 40A-40C that is to be shared. Each page syn 
chronization object 42A-42C is linked to a corresponding 
shared page 40A-40C. As will be described in greater detail 
below, each page synchronization object 42A-42C is respon 
sible for monitoring for changes to the data model underlying 
each page, creating revisions to the data model describing the 
changes, and transmitting the revisions to corresponding page 
synchronization objects executing at each of the participating 
computer systems. The page synchronization objects 42A 
42C are also responsible for receiving and merging revisions 
received from other computer systems and for performing 
other functions described herein. 

Referring now to FIG.3B, a routine 300 will be described 
illustrating a process performed by the note-taking applica 
tion program 24 for initiating a new document sharing ses 
Sion. When reading the discussion of the routines and state 
machines presented herein, it should be appreciated that the 
logical operations of the various embodiments of the present 
invention are implemented (1) as a sequence of computer 
implemented acts or program modules running on a comput 
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ing system and/or (2) as interconnected machine logic cir 
cuits or circuit modules within the computing system. The 
implementation is a matter of choice dependent on the per 
formance requirements of the computing system implement 
ing the invention. Accordingly, the logical operations illus 
trated in the state diagrams discussed herein, and making up 
the embodiments of the present invention described herein, 
are referred to variously as operations, structural devices, acts 
or modules. It will be recognized by one skilled in the art that 
these operations, structural devices, acts and modules may be 
implemented in Software, in firmware, in special purpose 
digital logic, and any combination thereof without deviating 
from the spirit and scope of the present invention as recited 
within the claims set forth herein. 
The routine 300 begins at operation 302, where a request is 

received, such as from a user, to share one or more pages of 
the current note-taking document. In response to the request 
the routine 300 continues to operation 304, where the shared 
session API 44 calls the P2P API 28 to create a new peer to 
peer session. From operation 304, the routine 300 continues 
to operation 306 where a new page synchronization object 
42A-42C is created for each of the pages 40A-40C to be 
shared in the new session. Each page synchronization object 
42A-42C is linked to a page 40A-40C and is connected to the 
new sharing session. It should be appreciated that when a 
participant joins a previously created session, page synchro 
nization objects are also instantiated on the participants com 
puter system to control the updates for pages stored on that 
computer system. 
From operation 306, the routine 300 continues to operation 

308 where participants may be invited to join the new sharing 
session. As described above, invitations to join the sharing 
session may be transmitted to the other participants via elec 
tronic mail messages. Alternatively, other means may be uti 
lized for inviting participants and for transmitting to the other 
participants the network address of the sharing session. From 
operation 308, the routine 308 continues to operation 310 
where a determination is made as to whether other partici 
pants have joined the sharing session. It should be appreciated 
that the note-taking application 24 may be operated in a 
normal fashion while waiting for other participants to join the 
shared session and during the shared session. 

If, at operation 310, it is determined that no other partici 
pants have joined the shared session, the routine 300 returns 
to operation 310 where another similar determination may be 
made. If, however, other users have joined the new sharing 
session, the routine 300 continues to operation 312. At opera 
tion 312, the current revision of each of the shared pages 
40A-40C are transmitted to each of the new participants. As 
will be described in greater detail below, a revision identifies 
the changes made to the core data model that is utilized to 
represent the document 26 as a result of any edits. Because no 
revisions have been previously transmitted to the participants, 
the first revision comprises the complete state of the shared 
document. This is transmitted to other participants at opera 
tion 312. 
From operation 312, the routine 300 continues to operation 

314, where changes made to the shared document by any of 
the participants are exchanged and synchronized. By 
exchanging revisions and merging the revisions into the 
shared document in the manner described herein, near real 
time collaboration may be performed on the document even 
for users connected to the network 4 via a slow network 
connection. Additional details regarding the synchronization 
of shared pages is provided below with respect to FIGS. 8-11. 
From operation 314, the routine 300 continues to decision 

operation 316, where a determination has been made as to 
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whether the sharing session has ended. If the sharing session 
has not ended, the routine 300 branches back to operation 
314, where the synchronization process continues. If the ses 
sion has ended, the routine 300 continues to operation 318, 
where it ends. 

Referring now to FIG. 4A, additional details will be pro 
vided regarding the process for joining a previously created 
sharing session. As described above, an electronic mail mes 
sage may be transmitted as an invitation to join a sharing 
session. The electronic mail message may include an attach 
ment 50 that includes the session address 52 for the sharing 
session. When the attachment 50 is launched on a computer 
system, a join method 54 is called on the shared session API 
44 with the session address 52. In response to calling the join 
method 54, the shared session API 44 calls the P2P API 28 
with an instruction to join the sharing session. In response, the 
P2P API 28 is operative to connect to the sharing session via 
the network 4. Additional details regarding this process are 
described below with respect to FIG. 4B. 

FIG. 4B shows an illustrative process for joining a previ 
ously created sharing session. The routine 400 begins at 
operation 402, where an invitation is received to join an 
existing sharing session. When the invitation is selected, the 
routine 400 continues to operation 400 where the P2P API 28 
stored on the participants computer system is called with a 
request to join the existing sharing session. The routine 400 
then continues to operation 406, where a determination if a 
connection has been established to the sharing session. If the 
connection cannot be made, the routine 400 continues to 
operation 414, where it ends. If the connection is established, 
the routine 400 continues from operation 406 to operation 
408. 
At operation 408, the current revision 408 to the shared 

document is received at the participants computer. Because 
no previous revisions have been received, the first revision 
comprises the state of the document when the participant 
joins the session. Once the current revision has been received, 
the routine 40 continues to operation 410, where the contents 
of the shared pages are synchronized among all of the par 
ticipants in the shared session. Additional details regarding 
the synchronization of the shared pages are provided below 
with respect to FIGS. 8-11. 

From operation 410, the routine 400 continues to decision 
operation 412, where a determination has been made as to 
whether the sharing session has ended. If the sharing session 
has not ended, the routine 400 branches back to operation 
410, where the synchronization process continues. If the ses 
sion has ended, the routine 400 continues to operation 414, 
where it ends. It should be appreciated that any number of 
participants may join the shared session in the manner 
described above with respect to FIGS. 4A and 4B. 

Referring now to FIGS.5A and 5B, additional details will 
be provided regarding the operation of the note-taking appli 
cation 24 and the data structure utilized by the note-taking 
application 24 to represent pages. FIG. 5A shows an illustra 
tive on Screen display provided by the note-taking application 
24. As shown in the example page presented in FIG. 5A, the 
screen display represents a page 40D on which a user may 
make notes. In particular, a user may utilized the note-taking 
application 24 to add an outline object 60A to the page 40D. 
The outline object 60A may include one or more outline 
elements, such as the text 62A and the handwriting 62B. The 
text 62A may be typed utilizing a keyboard and the handwrit 
ing 62B may be made utilizing a stylus. A picture 64 may also 
be inserted into the page 40D. It should be appreciated that the 
display shown in FIG. 5A is merely illustrative and that other 
types of data may be entered into the page 40D. 
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10 
FIG. 5B shows a data structure maintained by the note 

taking application 24 for representing the contents of the page 
40D shown in FIG. 5A. In particular, a direct acyclic graph 
(“DAG”) 70A is utilized to internally represent the contents 
of a page. At the top of the DAG 70A, the node 72A is created 
corresponding to the page 40D. Under the node 72A, a node 
73A is created corresponding to the outline element 60A and 
a node 80 is created corresponding to the picture 80. Under 
the node 73A, nodes 74A and 74B are created corresponding 
to the outline elements 62A and 62B. Under the node 74A, a 
node 76A is created for storing the actual contents, in this case 
the text “hello”, for the outline element 62A. Similarly, under 
the node 74B, a node 78 is created for storing the handwriting 
in the outline element 62B. In this manner, the note-taking 
application 24 can represent pages having any number of 
objects and any level of complexity. It should be appreciated 
that a DAG 70A is created for each page maintained by the 
note-taking application 24. It should also be appreciated that 
the contents of the DAG are unimportant to the process of 
synchronization. Any data contained within the nodes of the 
DAG may be synchronized. In this manner, features may be 
added to or removed from the note-taking application 24 
without effecting the synchronization mechanism. As will be 
described in greater detail below, changes to the DAG for 
each page may be identified and transmitted to other partici 
pants in the sharing session as revisions. 

Referring now to FIGS. 6A and 6B, additional details 
regarding the process of capturing revisions to a DAG repre 
senting a shared page will be described. FIG. 6A shows an 
illustrative page 40E that includes an outline object 60B and 
text 62C contained within the outline object. The DAG 70B 
represents the contents of the page 40E. In particular, the node 
72B represents the page object, the node 73B represents the 
outline object 60B, and the node 76B represents the text 62C. 
When a new sharing session is initiated, none of the contents 
of the DAG have been transmitted to other participants. 
Accordingly, the entire DAG is considered a revision 80A that 
must be transmitted to the other participants. Once the other 
participants receive the DAG 70B, only the changes made to 
the DAG 70B are exchanged between the participants. This 
process is illustrated in FIG. 6B. 

FIG. 6B shows the page 40E described above with respect 
to FIG. 6A with the addition of additional text 62D. In par 
ticular, the text “BAR’ has been added to the page 40E by a 
user. As a result, the DAG 70B has been updated to include a 
new node 76C representing the new text. In order to propagate 
the change in the DAG 70B to other participants in the sharing 
session, a new revision 80B is taken of the data structure. 
The new revision 80B comprises only the portion of the 

DAG that was changed by a user since the last revision was 
taken. Accordingly, the new revision 80B encompasses only 
the node 76C including the newly added text. As will be 
described in greater detail below, once captured, the revision 
76C may be serialized into a byte stream that is broadcast to 
the other participants. When the revision 76C is received by 
the other participants, its contents may be applied to the 
locally stored copies of the DAG 70B to reflect the changes 
made by the user at each participating computer system. The 
DAG 70B may then be utilized to render the page at each of 
the computer systems, thereby reflecting the change, pro 
vided the participants have the required dependent revisions 
for the revision. If the dependent revisions are not present, 
they must be requested. Because the render is incremental, it 
is efficient and fast. Additional details regarding the transmis 
Sion, synchronization, and merging of revisions will be pro 
vided below. 
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Referring now to FIG.7, additional details will be provided 
regarding the mechanism utilized to transmit and apply revi 
sions among the various participants in a sharing session. 
FIG. 7 illustrates a computer system 2A and a computer 
system 2B participating in a sharing session. As described 
above, each of the computer systems 2A and 2B maintain 
copies of the shared pages 40F and 40G. Additionally, each of 
the computer systems 2A and 2B maintain page synchroni 
Zation objects linked to the shared pages. The computer sys 
tem 2A maintains the page synchronization objects 42F and 
42G linked to the pages 40F and 40G, respectively. The 
computer system 2B maintains the page synchronization 
objects 42H and 42J linked to the pages 40F and 40G, respec 
tively. 

In order to simplify the communication between the par 
ticipants in the sharing session, the peer to peer network is 
partitioned into channels. Each message exchanged between 
the participants is assigned a channel identification number 
and data identifying the channel number is transmitted with 
the message. Each page synchronization object “listens' on 
its own channel for messages. For instance, as shown in FIG. 
7, the page synchronization objects 42F and 42H communi 
cate by transmitting a channel message 90A on a first com 
munications channel. Likewise, the page synchronization 
objects 42G and 42J communicate by transmitting a channel 
message 90B on a second communications channel. Other 
page synchronization objects may communicate on other 
channels in a similar fashion. 
When a new participant joins an existing sharing session, a 

message is transmitted to the computer system that initiated 
the session. In response to receiving such a message, the host 
transmits the current revision to the new participant in the 
manner described above. Each page is transmitted on a new 
channel. When a participant receives a message on a channel 
for which it has not previously received a message, it creates 
a new page synchronization object for that channel. The par 
ticipant also creates a new page and links the new page to the 
new synchronization object. When the current revision is first 
transmitted, it has no dependencies on other revisions, so the 
received revision can be utilized to replace the newly created 
page. In this manner, new pages and new page synchroniza 
tion objects are created on each participating computer sys 
tem in an automate manner. 

It should also be appreciated that because page messages 
are transmitted on a per-channel basis, users may simulta 
neously edit different pages without resulting in the potential 
for conflicting edits and revisions. However, if users simul 
taneously edit the same page, the possibility arises that revi 
sions will be taken that contain each users edits and placed on 
the network at the same time. This possibility results in the 
additional possibility for inconsistent states to be present on 
the network. To avoid this possibility, the various embodi 
ments of the present invention utilize a synchronization token 
that is passed among the participants. The synchronization 
token is a data structure that authorizes the owner to make the 
next revision of the DAG data structure. If and only if a 
participant possesses the synchronization token is that par 
ticipant authorized to declare a revision to the data structure. 
It should be appreciated that the synchronization token need 
not be owned for local changes to be made. The process of 
utilizing the synchronization token is described below with 
respect to FIG.8. 

Referring now to FIG. 8, an illustrative state machine will 
be describe that illustrates a process for specifying a new 
revision to the shared data structure. The state machine begins 
at state 802, where a determination is made as to whether local 
changes have been made to the data structure. If no changes 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
have been made, it is not necessary to declare a new revision. 
Accordingly, the state returns to state 802 if no changes have 
been made. If changes have been made, the state transitions to 
state 803. At state 803, a predetermined period of time is spent 
waiting before creating a revision. This ensures that revisions 
will not be taken too frequently. 
From state 803, the state transitions to state 808. At state 

808, a determination is made as to whether the computer 
system where the edits were made is the current owner of the 
synchronization token. If the computer system is the current 
owner, the state machine transitions to state 804. If the com 
puter system is not the current owner, the state machine 
transitions to state 810, where a request for the token is 
transmitted to the current owner of the synchronization token. 
The state machine then transitions to state 812. 
At state 812, a determination is made as to whether the 

synchronization token has been received. If the token has 
been received, the state transitions to state 804. If the token 
has not been received, the state transitions to state 814. At 
state 814, the time that the computer system has been waiting 
to receive the synchronization token is increased. As will be 
described in greater detail below, the waiting time is included 
with the request for the synchronization token. This data is 
utilized by a participant when determining which computer 
system the synchronization token should be sent to. In par 
ticular, the computer system that has been waiting the longest 
for the synchronization token is given the token. More details 
regarding this process are described below. 
From state 814, the state transitions to state 816. At state 

816, a determination is made as to whether a predetermined 
period of time has elapsed without any response to the request 
for the synchronization token. If an extended period of time 
has elapsed, this may indicate that the token has been lost for 
instance by the owner of the token being disconnected from 
the network 4. Accordingly, if the time period has elapsed, the 
state machine transitions to state 818 where a new token is 
created using the current revision/state as the basis. If the time 
period has not elapsed, the state transitions back to state 810 
where another request for the synchronization token is trans 
mitted with the updated waiting time. The token owner can 
also elect to deny the request, in which case a denial message 
will be received. The requestor will then wait a short time and 
then re-request again—i.e. transition back to state 810. 
From state 818, the state transitions to state 804 where a 

determination is made as to whether the current state of the 
DAG is caught up with all other revisions made by other 
participants. If the graph is not current, the state transitions to 
state 806, where the revisions necessary to make the data 
structure current are requested and received from the other 
participants. Once the necessary revisions have been 
received, the state transitions from state 806 back to state 804. 

If, at state 804, it is determined that the data structure is 
current, the state machine transitions to state 822, where the 
revision is taken in the manner described above and serialized 
for transmission over the network 4. The state then transitions 
to state 826, where a reference in the form of an ID is placed 
in the token. The state then transitions to state 828, where the 
token and the revision is pushed to all of the participants in the 
sharing session. The state then returns from state 828 to state 
802 if the user is not being throttled as described below. 
According to embodiments of the invention, a throttling 
mechanism exists such that a revision will only be pushed to 
a participant if the participant has finished processing the last 
revision it received. When the participant finishes processing 
its last revision then the most recent revision is sent. If the 
participant cannot keep up with the flow of revisions, then 
Some of the revisions may be skipped. This is equivalent to 
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lowering the “frame rate' for the participant. Details regard 
ing processes for merging received revisions into the data 
structure, for detecting and correcting the existence of mul 
tiple tokens, and for receiving and responding to requests for 
the token in a fair manner are described below with respect to 
FIGS. 9-11. 

Turning now to FIG. 9, an illustrative state machine 900 
will be described illustrating a process for receiving a token 
containing a revision. The state machine 900 begins at state 
902, where a synchronization token notification is received. 
The token owner frequently broadcasts an indication that they 
are the owner of the token. If such an indication is received, 
the state machine 900 then continues to operation 904, where 
a determination is made as to whether two synchronization 
tokens exist among the participants in the sharing session. 
This determination is made by determining if the participant 
that received the notification already owns the token. If so, 
then two tokens exists. If two tokens do not exist, the state 
transitions to state 912. If two tokens do exist, the state tran 
sitions to state 906. 

At state 906, a “contest” is performed to determine which 
of the two tokens should be utilized and which should be 
deleted. The contest comprises a deterministic algorithm 
executed at both computers owning a synchronization token. 
For instance, the algorithm may simply compare the unique 
integer identification numbers assigned to each peer to deter 
mine which number is larger. The peer with the larger number 
wins the contest and the peer with the lower number loses the 
contest. It should be appreciated that other types of determin 
istic algorithms may also be utilized. 

If, at state 906, it is determined that the computer system 
has won the contest, the state transitions to state 908, wherean 
instruction is transmitted to the other peer owning a token 
instructing the peer to delete their token. The state then tran 
sitions to state 912, where it ends. In this manner, the rightful 
owner of the token can continue its processing in a normal 
fashion. 

If, at state 906, it is determined that the computer system 
has lost the contest, the state transitions to state 910, where the 
received token is deleted. The state then transitions to state 
912, where the token owner and the ID of the latest revision 
are recorded for future reference. This information is utilized 
later to know who to request the token from. From state 912, 
the state machine 900 transitions to state 916, where it ends. 
It should be appreciated that the processes illustrated in FIGS. 
8, 9, 10, and 12 are performed independently and potentially 
in parallel. 

Turning now to FIG. 10, an illustrative state machine 1000 
will be described for receiving and responding to requests for 
the synchronization token in a fair manner. The state machine 
1000 begins at state 1002, where a request for the synchroni 
Zation token is received. The state machine transitions from 
state 1002, to state 1004, where a predetermined period of 
time is allowed to pass prior to continuing. The State machine 
then transitions to state 1006, where a determination is made 
as to whether the synchronization token has already been 
forwarded on to another one of the peers. If the synchroniza 
tion token has not yet been forwarded, the state machine 1000 
transitions to state 1008. 

At state 1008, a determination is made if more than one 
request for the token has been received as to which of the 
requests specifies the largest amount of time waiting for the 
token. The state machine 1000 then transitions to state 1010, 
where the token is transmitted to the computer system that 
transmitted the request for the synchronization token having 
the longest time spent waiting. In this manner, the peer that 
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has been waiting the longest for the token will receive the 
token. From state 1010, the state machine 1000 transitions to 
state 1012, where it ends. 

If, at state 1006, it is determined that the token has already 
been sent to another peer, the State machine transitions to state 
1014. At state 1014, a “time to live' value set forth in the 
request for the synchronization token is decreased by one. 
The time to live value specifies the number of times the 
request should be forwarded to the new owner of the synchro 
nization token before it expires. The state machine then tran 
sitions to state 1016, where a determination is made as to 
whether the request has expired. If the request has expired, the 
state machine transitions from state 1016 to state 1012, where 
it ends. If the request has not expired, based on the time to live 
value, the state transitions to state 1018, where the request 
(including the reduced time to live value) is forwarded to the 
new owner of the synchronization token. In this manner, a late 
request for the synchronization token may be injected into the 
high speed network. From state 1018, the state machine tran 
sitions to state 1012, where it ends. 

Turning now to FIG. 11, an illustrative state machine 1100 
will be described showing a feature of the invention for allo 
cating separate undo Stacks to each user in a collaboration 
session. The state machine 1100 begins at state 1102, where 
an undo Stack is maintained for each page at each computer 
system participating in a sharing session. The undo Stack 
tracks the changes made to the DAG so that these changes 
may later be “undone' in response to a user request. 
From state 1102, the state machine 1100 transitions to state 

1104, where a determination is made as to whether an undo 
request has been received. If no undo request has been 
received, the state machine 1100 transitions back to state 
1102. If an undo request is received, the state machine tran 
sitions to state 1106, where a reverse merge is performed on 
the DAG to determine the edits that should be undone. The 
state then transitions to state 1108, where a new revision is 
created that includes the undo edits. The state machine then 
transitions to state 1110, where the new revision is propagated 
to the other participants in the sharing session. In this manner, 
each edits by any individual user on any individual page may 
be easily undone. From state 1110, the state machine 1100 
transitions to state 1102, where it ends. 

Referring now to FIG. 12, an illustrative state machine 
1200 will be described for merging revisions made to the 
graph. The state begins at state 1202, where a revision is 
received from the network. If the revisions are the most recent 
revisions to the DAG (i.e. if old revisions are received, they 
are not applied to the DAG), then the state then transitions to 
state 1204, where a determination is made as to whether local 
changes are present. If local changes have not been made, the 
state transitions to state 1212, where the received revision is 
applied directly to the graph. The state then transitions to state 
1210, where it returns. 

If, at state 1204, it is determined that local changes have 
been made, the state transitions to state 1206. At state 1206, a 
determination is made as to whether the synchronization 
token is available. If the token is available, the state transitions 
to state 1210, where it returns. In this manner, if a new 
revision is received and changes have been made to the docu 
ment, the 3-way merge is performed at state 1208 to apply the 
local changes to the revision that has just been received. Any 
local changes are transmitted to other participants in the pro 
cess outlined above with respect to FIG. 8. 

If, at state 1206, it is determined that the token is unavail 
able, the state transitions to state 1208, where a 3-way merge 
is performed. The inputs to the 3-way merge are: a base line, 
which is the last revision received from the network; an 
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update from the network (derived from the revision); and 
local changes. By performing a three-way merge on the cur 
rent state of the graph, the local edits, and the received revi 
Sion, an up-to-date version of the graph may be computed 
while still maintaining the local edits as a revision for future 
transmission to the other participants when the token 
becomes available. From state 1208, the state transitions to 
state 1210, where it returns. 

Based on the foregoing, it should be appreciated that the 
various embodiments of the invention include a method, sys 
tem, apparatus, and computer-readable medium for near real 
time collaboration on an electronic document. The above 
specification, examples and data provide a complete descrip 
tion of the manufacture and use of the composition of the 
invention. Since many embodiments of the invention can be 
made without departing from the spirit and scope of the 
invention, the invention resides in the claims hereinafter 
appended. 

I claim: 
1. A method for enabling near real time collaboration on an 

electronic document through a plurality of computer systems, 
the method comprising: 

initiating a sharing session on a first computer system, 
wherein initiating the sharing session comprises: 
creating a page synchronization object, and 
creating channels to communicate with the first com 

puter system; 
accepting requests from at least a second computer system 

to join the sharing session; 
maintaining a data structure representing the entire con 

tents of the electronic document; 
receiving user input at one of the plurality of computer 

systems joined to the sharing session, the user input 
comprising a modification to the data structure; 

adding, in response to the received user input, a new node 
representing the modification to the data structure; 

in response to the modification to the data structure, creat 
ing a revision that identifies only the modification to the 
data structure, wherein creating the revision comprises: 
periodically identifying changes to the data structure, 
and 

periodically collecting the identified changes to the data 
structure as a result of the modification; and 

transmitting the revision to each of the plurality of com 
puter systems joined to the sharing session other than the 
one computer system at which the input was made, 
whereintransmitting the revision to each of the plurality 
of computer systems joined to the sharing session com 
prises: 
determining whether a synchronization token is present, 
serializing the revision, 
placing a reference in the synchronization token, 
sending the serialized revision and the synchronization 

token with the reference, wherein sending the serial 
ized revision and the synchronization token with the 
reference comprises using a throttling mechanism 
associated with sending the serialized revision only to 
computer systems of the plurality of computer sys 
tems that have finished processing a previous revision 
of the data structure, and 

applying the revision to a locally stored copy at each 
receiving computer system of the plurality of computer 
systems joined to the sharing session. 

2. The method of claim 1, further comprising: 
receiving the revision at another one of the plurality of 

computer systems not having inputted the modification; 

16 
merging the revision into a version of the data structure 

maintained at the other one of the plurality of computer 
systems; and 

displaying the contents of the data structure at the other one 
5 of the plurality of computer systems. 

3. The method of claim 2, further comprising prior to 
transmitting the revision: 

determining, at the one computer system providing the 
received user input, whether the data structure is current; 

10 and 

if the data structure is not current, retrieving and merging 
necessary revisions to make the data structure current. 

4. The method of claim 1, further comprising, prior to 
transmitting the revision: 

determining, at the one computer system providing the 
received user input, whether the one computer system is 
an owner of the synchronization token; 

15 

in response to determining that the one computer system is 
not the owner of the synchronization token, requesting 
the synchronization token from the owner of the syn 
chronization token; and 

in response to determining that the one computer system is 
the owner of the synchronization token, transmitting the 
revision to each of the plurality of computer systems 
joined to the sharing session other than the one computer 
system at which the input was made. 

25 

5. The method of claim 4, wherein requesting the synchro 
nization token from the owner of the synchronization token 
comprises: 

generating a request for the synchronization token, the 
request including data indicating a duration of time the 
one computer system has been waiting for the synchro 
nization token; 

transmitting the request to a corresponding computer sys 
tem owning the synchronization token; 

30 

35 

determining whether the synchronization token has been 
received; 

in response to determining that the synchronization token 
has not been received, generating a new request for the 
synchronization token, the new request including data 
indicating an extended duration of time the one com 
puter has been waiting for the synchronization token; 
and 

40 

45 
transmitting the new request to the corresponding com 

puter system owning the synchronization token. 
6. The method of claim 5, further comprising: 
receiving the Synchronization token at the one computer 

50 system providing the received user input; 
determining whether two synchronization tokens exist; 

and 
in response to determining that two synchronization tokens 

exist, performing a calculation to determine which of the 
two synchronization tokens should be deleted. 

7. The method of claim 5, further comprising: 
receiving the request for the synchronization token at the 

corresponding computer system owning the synchroni 
Zation token; 

in response to the request, determining whether the Syn 
chronization token has been previously transmitted to 
any one of the plurality of computer systems; 

55 

60 

if the synchronization token has not been previously trans 
mitted, identifying the request for the synchronization 
token having the longest duration of time waiting for the 
synchronization token; and 

65 
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transmitting the synchronization token to a pending com 
puter system that transmitted the request for the Syn 
chronization token having the longest duration of time 
spent waiting. 

8. The method of claim 7, further comprising: 
if the synchronization token has been previously transmit 

ted, 
decreasing a time to live value in the request for the syn 

chronization token, 
determining whether the time to live value is greater than 

Zero, and 
if the time to live value is greater than Zero, forwarding the 

request to a current owner of the synchronization token. 
9. The method of claim 1, wherein the data structure com 

prises a direct acyclic graph. 
10. A computer-readable medium having computer-ex 

ecutable instructions stored thereon which, when executed by 
a computer, will cause the computer to perform the method of 
claim 1. 

11. A computer-controlled executable storage apparatus 
capable of performing the method of claim 1. 

12. A method for enabling near real time collaboration on 
a page of an electronic document through a plurality of com 
puter systems, the method comprising: 

initiating a sharing session on one of the plurality of com 
puter systems; 

accepting requests respectively from others of the plurality 
of computer systems to join the sharing session; 

maintaining a graph at each of the computer systems joined 
to the sharing session, the graph identifying a content of 
the page of the electronic document; 

receiving at a first of the plurality of computer systems 
joined to the sharing session a change to the page, the 
change to the page resulting in a corresponding change 
to the graph; 

generating a revision to the graph in response to the change, 
the revision comprising data identifying only the change 
to the graph, wherein generating the revision comprises: 
periodically identifying changes to a data structure, and 
periodically collecting the identified changes to the data 

structure as a result of the change to the graph; 
transmitting the revision from the first of the plurality of 

computer systems to each of the other computer systems 
joined to the sharing session, wherein transmitting the 
revision to each of the plurality of computer systems 
joined to the sharing session comprises: 
determining whether a synchronization token is present, 
serializing the revision, 
placing a reference in the synchronization token, 
sending the serialized revision and the synchronization 

token with the reference, wherein sending the serial 
ized revision and the synchronization token with the 
reference comprises using a throttling mechanism 
associated with sending the serialized revision only to 
computer systems of the plurality of computer sys 
tems that have finished processing a previous revision 
of the data structure, and 

applying the revision to a locally stored copy at each 
receiving computer system of the plurality of com 
puter systems joined to the sharing session, wherein 
applying the revision to a locally stored copy com 
prises: 
determining whether at least one local change is 

present at a receiving computer system receiving 
the revision, 
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in response to determining whether at least one local 

change is present, determining whether the Syn 
chronization token is available at the receiving 
computer system of the plurality of computer sys 
tems, 

in response to determining whether the synchroniza 
tion token is available at the receiving computer 
system of the plurality of computer systems: 
applying the at least one local change to the revi 

Sion, and 
transmitting the revision to others of the plurality of 

computer systems joined to the sharing session 
other than the computer system at which the at 
least one local change was made, 

in response to determining whether the synchroniza 
tion token is not available at the receiving computer 
system of the plurality of computer systems, merg 
ing the following: 
a base line, wherein the baseline is the last version 

received, 
the revision, and 
the at least one local change; and 

merging the revision into the graph maintained at each of 
the other computer systems joined to the sharing ses 
sion; and 

transmitting a current version of the data structure repre 
senting the entire contents of the electronic document to 
the others of the plurality of computer systems that 
joined the sharing session after the revision, wherein 
transmitting the current version of the data structure 
comprises; 
creating a synchronization object for each new channel 

that has not previously received a request to join the 
sharing session, 

creating a new page, 
linking the new page to the synchronization object, and 
transmitting the content of the electronic document on 

each new channel, wherein transmitting each content 
of the electronic document on each new channel com 
prises: 
allowing users to edit different contents without at 

least one of the following: conflicting edits and 
conflicting revisions, and 

allowing users to edit the same content. 
13. The method of claim 12, further comprising, prior to 

transmitting the revision: 
determining whether the first of the plurality of the com 

puter systems is the owner of the synchronization token; 
and 

transmitting the revision only if the first computer system is 
the owner of the synchronization token. 

14. The method of claim 13, further comprising: 
receiving at the first computer system at least one request 

for the synchronization token from the other computers, 
each request specifying an amount of time the request 
ing computer system making the request has been wait 
ing to receive the synchronization token; 

in response to receiving the at least one request for the 
synchronization token, determining, from the requests, 
the computer that has been waiting the longest amount of 
time for the synchronization token; and 

transmitting the synchronization token to the computer that 
has been waiting the longest amount of time. 

15. The method of claim 14, further comprising in response 
to receiving the at least one request for the synchronization 
token: 
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determining whether the synchronization token has been 
previously forwarded; and 

in response to determining that the synchronization token 
has been previously forwarded: 
decreasing a time to live value in each of the received 

requests for the synchronization token, and 
forwarding the requests to a current owner of the Syn 

chronization token. 
16. The method of claim 15, further comprising: 
determining whether two synchronization tokens exist; 

and 
in response to determining that two synchronization tokens 

exist, executing an identical algorithm at each of the 
computer systems owning any one of the two synchro 
nization tokens to determine which of the two synchro 
nization tokens should be deleted. 
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17. The method of claim 1, further comprising: 
executing at each of the plurality of computers systems a 

page synchronization object operative to listen on a 
communications channel for revisions to the page, to 
receive revisions to the page, and to modify the graph 
when revisions have been received. 

18. The method of claim 17, wherein the electronic docu 
ment comprises multiple pages and wherein the synchroni 
Zation object is created for each page. 

19. A computer-readable medium having computer-ex 
ecutable instructions stored thereon which, when executed by 
a computer, will cause the computer to perform the method of 
claim 12. 

20. A computer-controlled executable storage apparatus 
capable of performing the method of claim 12. 
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